Abstract This study aimed to identify the response of a salivary stress protein, extracellular heat shock protein (eHSP70), to intense exercise and to investigate the relationship between salivary eHSP70 and salivary immunoglobulin A (SIgA) levels in response to exercise. Sixteen healthy sedentary young males (means±SD 23.8±1.5 years, 172.2±6.4 cm, 68.3±7.4 kg) performed 59 min of cycling exercise at 75 % VO2 max . Saliva and whole blood samples were collected before (Pre), immediately after (Post), and at 1, 2, 3, and 4 h after completion of the exercise (1, 2, 3, and 4 h). The salivary eHSP70 and SIgA levels were measured by enzyme-linked imunosorbent assay (ELISA), and the secretion rates were computed by multiplying the concentration by the saliva flow rate. White blood cells were analyzed using an automated cell counter with a directcurrent detection system. The salivary eHSP70 secretion rates were 1
Introduction
Heat shock protein 70 (HSP70) exists in cells throughout the body and in body fluids (blood, lymph fluid, spinal fluid, saliva, etc.) and are termed intracellular HSP70 (iHSP70) and extracellular HSP70 (eHSP70), respectively. eHSP70 induces the production of pro-inflammatory cytokines through binding to toll-like receptors (TLR)-2 and TLR-4, leading to inflammation (Asea et al. 2000 (Asea et al. , 2002 . In the oral cavity, eHSP70 has a role of mucosal defense including entrapping, agglutinating, and opsonizing bacteria, and inhibiting pathogenic adhesion to the mucosal surface (Fabian et al. 2012) . iHSP70 levels increase in response to exercise-induced stressors such as heat, reactive oxygen species (ROS), and hypoxia in cells (Fehrenbach and Northoff 2001) . Actually, a single bout of exercise increases circulating eHSP70 level (Walsh et al. 2001; Febbraio et al. 2002; Fehrenbach et al. 2005 ) and heat stress further boosts this increase (Gibson et al. 2014 ). However, Fortes and Whitham (2011) reported that eHSP70 in the saliva unchanged during and until 20 min after the exercise (60 min of treadmill running at 50−70 % VO 2max ) with hot environment (30°C). The change in salivary eHSP70 levels after exercise has not been adequately examined. Walsh et al. (2001) showed that increased serum eHSP70 levels returned to baseline at 2 to 8 h after exercise. It is, therefore, possible that exercise stress might continue to have an effect on salivary eHSP70 levels for a few hours. Demonstrating the salivary eHSP70 response to exercise might provide helpful information on evaluating both exerciseinduced stress comprehensively and oral immune function.
Salivary secretory immunoglobulin A (SIgA) comprises 90 % of the immunoglobulin in the mucosal tissue and defends against pathogenic infections by binding to them. Low levels of SIgA are associated with a high risk of upper respiratory tract infection (URTI) (Peters and Bateman 1983; Nieman et al. 1990; Heath et al. 1991 Heath et al. , 1992 Gleeson et al. 1999 Gleeson et al. , 2012 Fahlman and Engels 2005; Yamauchi et al. 2011) . Continuous intensive training reduces SIgA levels and increases the risk of URTI in athletes (Nieman 1994) , whereas continuous moderate exercise training increases SIgA levels and reduces the risk of infections (Akimoto et al. 2003; Klentrou et al. 2002; Shimizu et al. 2007 ). Intense exercise reduces SIgA secretion (Tomasi et al. 1982; Mackinnon and Jenkins 1993) , and the reduction of SIgA levels is sustained for 2 h after exercise (Usui et al. 2011) .
Salivary eHSP70 and SIgA have important roles in preventing infections in the oral cavity. Measuring the change of both salivary eHSP70 and SIgA levels during and after exercise might clarify the immune response to exercise stress in the oral cavity. There are no studies investigating both the salivary eHSP70 and SIgA levels in response to exercise stress. Such a study may provide useful information for elucidating the effect of exercise stress on oral immune function.
The aim of this study was to investigate salivary eHSP70 levels in response to intense exercise and to determine the relationship between salivary eHSP70 and SIgA levels within an expanded period of 4 h after exercise. We hypothesized that intense exercise increases salivary eHSP70 levels and that the response lasts for 4 h. Moreover, there might be a negative correlation between salivary eHSP70 and SIgA levels in response to exercise.
Materials and methods

Subjects
Sixteen healthy sedentary young males who exercise less than 60 min per week voluntarily participated in the study (Table 1) . Before the exercise test, their height (Model AD-6227; A&D Co, Ltd, Tokyo, Japan) and body mass (HBF-354; Omron Corp, Kyoto, Japan) were measured. None of the participants had a history of either smoking or taking medications. Subjects were instructed to refrain from alcohol (Taylor et al. 2010b) , caffeine (Lu et al. 2008) , smoking (Anbarasi et al. 2006) , and intense physical activity before and on the test day and until the 4-h post-exercise sampling was completed. On the experimental days, all subjects arrived at the laboratory at either 6:30 or 7:30 am after an overnight fast. Experimental exercise tests were conducted at room temperature (25°C) to avoid environmental stress which might induce eHSP70, such as temperature changes (Selkirk et al. 2009 ), hypoxia (Taylor et al. 2010a) , and hyperbaric changes (Taylor et al. 2012) . All samples were collected between 7:00 and 8:00 am before exercise. All subjects were informed of the risks of the experiment before their informed voluntary written consent to participate was obtained. This study conformed to the principles outlined in the Declaration of Helsinki and was approved by the ethics committee of the University of Tsukuba.
Exercise protocol
The subjects performed two exercise tests on a bicycle ergometer (232CXL; Combi Wellness Co., Ltd, Tokyo, Japan) on separate days. In the first test, subjects performed an incremental cycling test for measurement of maximal oxygen consumption (VO 2max ). During the exercise, expired gases were collected by a facemask, and oxygen uptake and carbon dioxide were calculated by the breath-by-breath method (AE280S; Minato Medical Science Co., Ltd, Osaka, Japan). This test consisted of 2 min of unloaded cycling exercise and subsequent incremental loaded cycling exercise with the cadence maintained at ). During the cycling exercise, the workload was controlled at a maximum oxygen uptake of 75 %, and the heart rate (HR) was recorded every 5 min by a heart rate monitor (S610i, Polar Electro Oy, Kempele, Finland). Every 5 min during the exercise testing, the subjects were asked the rating of perceived exertion (RPE) using the Borg category scale (Borg 1982) .
Sample collection
Saliva and whole venous blood samples were obtained before and after the submaximal exercise test and at every hour for 4 h after the exercise test (Pre, Post, 1, 2, 3, 4 h, respectively). To avoid the effect of diet, subjects were not allowed to eat 12 h before exercise and were given a uniform diet after the exercise. Peripheral venous blood was collected from the antecubital vein into a 2-mL EDTA-coated vacuum tube (VP-DK052K05, Terumo Co., Tokyo, Japan) using a butterfly needle (SV-21DLK, Terumo Co., Tokyo, Japan). Before saliva sample collection, the subjects rinsed their mouth with distilled water for 30 s and repeated the rinsing two more times. After 5 min of rest in a seated position, subjects swallowed all of the saliva in the oral cavity and placed cotton from a plastic container (Salivette; Sersted, Numbrecht, Germany) into their mouth, and chewed it once per second for 60 s. Saliva was separated from the cotton by centrifugation at 3000 rpm. After measurement of the sample volume, saliva samples were frozen at −80°C and stored until the end of the study period. Total saliva volumes were calculated by saliva sample weight and density (1 mg·mL
−1
).
Saliva assay
The salivary eHSP70 concentration was measured using a commercial enzyme-linked imunosorbent assay (ELISA) kit (ESK-715, Assay Designs Inc., Ann Arbor, Michigan). Saliva samples were thawed and centrifuged for 1 min at 10,000 rpm prior to measurement as previously described Whitham 2008, 2011) . Salivary SIgA concentration was measured by a sandwich ELISA created in-house, as previously described (Akimoto et al. 2003) . Salivary eHSP70 and SIgA secretion rates (ng·min −1 and μg·min −1 , respectively) were computed by multiplying the concentration (ng·mL −1 and μg·mL −1 , respectively) by the saliva flow rate (mL·min −1 ).
Blood assay
Total white blood cells (WBC) counts were analyzed using an automated cell counter (Sysmex SE9000, Sysmex, Japan) with direct-current detection. Monocytes, lymphocytes, and neutrophils were counted using a microscopic test and adjusted for changes in blood volume. The neutrophil/lymphocyte ratio (NLR) was computed by dividing neutrophil counts by lymphocyte counts.
Statistical analysis
Data were reported as mean±SD. Changes over time were evaluated using ANOVA for repeated measurements, followed by the Bonferroni post hoc test. The relation between concentrations and secretion rates of salivary eHSP70 and SIgA levels, NLR and salivary eHSP70 levels and secretion rate, and NLR and SIgA levels and secretion rate were investigated by Pearson's correlation coefficient test. All calculations were performed using software (SPSS ver.21), and a p value of 0.05 or less was used to define statistical significance.
Results
VO 2 , HR, and RPE
The subjects' VO 2max and HR max in the incremental exercise test are shown in Table 1 . During the submaximal exercise test, the peak HR was 182±10 bpm (93.3±4.5 %HR max ) and the average HR was 173±9 bpm (88.7±4.0 %HR max ). The peak and average RPE in the submaximal exercise test were 18±1 and 16±1 respectively.
Saliva flow rate
The saliva flow rates were 1.19±0.32, 1.07±0.33, 1.35±0.41, 1.34±0.40, 1.29±0.37, and 1.35±0.38 mL at Pre, Post, 1, 2, 3, and 4 h, respectively. The sequential changes in the saliva flow rate were statistically significant (F=3.661, p<0.05). The saliva flow rate at Post was significantly lower than that at 4 h (p<0.05), and the saliva flow rate at 1 h tended to be higher than that at Post (p<0.10).
Salivary eHSP70
The salivary eHSP70 concentrations were 0.91±0.53, 1.44± 1.46, 1.32±1.50, 1.58±1.26, 2.70±2.21, and 5.19±2.48 ng· mL −1 at Pre, Post, 1, 2, 3, and 4 h, respectively. The sequential changes in the salivary eHSP70 concentration were statistically significant (F=18.864, p<0.05, Fig. 1a ). The salivary eHSP70 concentration at 4 h was higher than that at Pre and at 1 h (p<0.05). The salivary eHSP70 concentration at 4 h tended to be higher than that at 2 and 3 h (p<0.10). The salivary eHSP70 secretion rates were 1.11±0.86, 1.51±1.47, 1.57±1.32, 2.21±2.04, 3.36±2.72, and 6.89±4.02 ng·min
at Pre, Post, 1, 2, 3, and 4 h, respectively. The sequential changes in the salivary eHSP70 secretion rates were statistically significant (p<0.05, Fig. 1b) . The salivary eHSP70 secretion rate at 4 h was higher than that at Pre, Post, 1, and 3 h (p<0.05). The salivary eHSP70 secretion rate at 4 h tended to be higher than that at Post 2 h (p<0.10).
Saliva SIgA
The SIgA concentrations were 22.8±8. Fig. 1b) . The SIgA secretion rate at 1 h tended to be decreased compared with the Pre secretion rate (p<0.10).
White blood cells
The sequential changes in WBC counts were statistically significant (F=38.947, p<0.05, Table 2 ). WBC counts at Post were not significantly higher than that at Pre (p<0.05), and the maximum was at 2 h. At 3 and 4 h, WBC counts significantly decreased from that at 2 h (p<0.05). There were no significant sequential changes in monocyte counts ( Table 2 ). The sequential changes in lymphocyte counts were statistically significant (F= 54.904, p<0.05, Table 2 ). Lymphocyte counts at Post were significantly increased from that at Pre (p<0.05). At 1, 2, 3, and 4 h, lymphocytes significantly decreased from Post (p<0.05), and at 4 h tended to be higher than that at both 1 and 2 h (p <0.10). The sequential changes in neutrophil counts were statistically significant (F=16.239, p<0.05, Table 2 ). The neutrophil counts at Post were significantly increased from that at Pre (p<0.05), and the maximum was at 2 h. At 3 and 4 h, neutrophils were significantly decreased from that at 2 h (p<0.05). The NLR were 0.96±0.29, 1.15±0.32, 4.23±1.92, 5.41±3.22, 4.22±3.18, and 3.20±2.15 at Pre, Post, 1, 2, 3, and 4 h, respectively (Fig. 2) . The sequential changes in the NLR were statistically significant (F= 18.749, p<0.05) . The NLR at 1 h was significantly increased from that at Pre (p<0.05), and the maximum was at 2 h. The NLR at 4 h tended to be lower than that at 2 h (p<0.10).
Correlation between salivary eHSP70 vs. SIgA levels and white blood cells
The correlation coefficients of concentrations and secretion rates between salivary eHSP70 and SIgA and white blood cells are reported in Table 3 . There is a significant positive correlation between salivary eHSP70 concentration and SIgA concentration (p<0.05), and a negative correlation between salivary eHSP70 concentration and neutrophil counts (p<0.05) at Pre. However, there was no correlation in these parameters after exercise.
Discussion
The present study investigated the influence of intense exercise on eHSP70 levels in healthy sedentary male subjects. The Fig. 1 a The sequential changes of salivary eHSP70 and SIgA concentration were statistically significant (p<0.05). Salivary eHSP70 concentration at 4 h was significantly higher than that at Pre and 1 h after exercise (p < 0.05). SIgA concentration after exercise was significantly lower than that at Pre (p < 0.05), and the lowest concentration was identified at 1 h. b The sequential changes of salivary eHSP70 and SIgA secretion rate were statistically significant (p<0.05). Salivary eHSP70 at 4 h were significantly higher than that at Pre, immediately Post, 1 h, and 3 h after exercise (p<0.05). Results are presented as mean±SD. *p<0.05 vs. Pre; #p<0.05 vs. Post; †p<0.05 vs. 1 h; §p<0.05 vs. 3 h primary finding of the present study was that salivary eHSP70 levels were significantly elevated at 4 h after completion of the 59 min of cycling exercise at 75 %VO 2max . In addition, a positive correlation was observed between salivary eHSP70 and SIgA levels at rest, but no correlation was observed between these parameters after completion of the exercise. In the oral cavity, salivary eHSP70 prevents pathogenic infections. Salivary eHSP70 derives from the salivary glands, oral mucosa, periodontal tissue, and bacteria (Fabian et al. 2007 ). In the present study, the saliva samples may have been slightly contaminated with exogenous HSP70 from bacteria because of the mouth rinsing performed prior to collection of the saliva samples. A previous study reported that there was little eHSP70 in gingival crevicular fluid (GCF) except in the presence of braces for orthodontic correction (Kuroki et al. 2013) . Although eHSP70 derived from periodontal tissue may co-mix into the saliva samples via GCF, no subject had orthodontic appliances in this study. In addition, Lancaster and Febbraio (2005) showed that exosomes contributed to circulating eHSP70 levels, and Ogawa et al. (2011) reported that exosomes exists in saliva. Therefore, most eHSP70 in the collected saliva samples was likely derived from either the salivary glands, oral mucosa, or salivary exosomes. Fabian et al. (2007) suggested the possibility that salivary glands release eHSP70 into the saliva. The salivary glands consist of both acinar and ductal cells. A large proportion of salivary proteins, such as SIgA, α-amylase, and mucin, are secreted from the acinar cells of the salivary glands by sympathetic nerve stimuli. In the present study, an increase in the NLR continued until 4 h after exercise, suggesting that sympathetic nerve activity may be promoted by exercise. However, Fortes and Whitham (2011) presumptively suggested another mechanism involving acinar cells release of salivary eHSP70 via exosomes, not via sympathetic nerve stimuli but rather via parasympathetic nerve stimuli. Acceleration of parasympathetic nerve activity induces a decrease in the NLR (Nozaki et al. 2000) and an increase in the saliva flow rate. In the present study, an increase in salivary eHSP70 was observed 4 h after exercise, whereas there was neither a decrease in the NLR nor an increase in the saliva flow rate. Further research is required to identify the influence of the autonomic nervous system on eHSP70 secretion. Vanmuylder et al. (2000) reported that eHSP70 is strongly expressed in epithelial cells of the striated ducts and weakly expressed in the acinar cells of the salivary glands. Therefore, it can be inferred that constitutive salivary eHSP70 is secreted from the ductal cells. However, it is unclear whether eHSP70 is secreted from either the acinar cells and/or ductal cells of salivary glands under stress conditions. There is another mechanism possible, in which the oral mucosa secretes eHSP70. Some previous studies advocate the hypothesis that eHSP70 is secreted from the oral mucosa (Kaur and Ralhan 1995; Sugerman et al. 1995) . In animal and in vitro studies, mucosal cells synthesize and secrete eHSP70 in stress conditions. Matsuo et al. (2009) reported that eHSP70 is secreted from the mouse gut lamina propria by physical stress, including restraint for 2 h in a 50-mL centrifuge tube. Broquet et al. (2003) reported that epithelial cells (Caco-2) undergoing heat stress synthesized and secreted eHSP70 via detergentresistant microdomains. In addition, they showed that Fig. 2 The sequential changes of the neutrophil/lymphocyte ratio (NLR) were statistically significant (p<0.05). NLR 1 h after exercise was significantly higher than that at Pre and Post (p<0.05), and the highest NLR was identified at 2 h. Results are presented as mean±SD. *p<0.05 vs. Pre; #p<0.05 vs. Post eHSP70 expression increased with the rise in heat stress, and that the strongest eHSP70 expression was observed 6 h after 30 min of heat stress at 44°C. Therefore, it appears that mucosal cells constitutionally have an eHSP70 synthesizing and secreting function in response to some types of stress, such as physical (restraint stress) and heat stress. The mechanisms of eHSP70 secretion from human oral mucosa in exercisestressed conditions remain unclear. Lancaster and Febbraio (2005) reported that exosomes contribute to eHSP70 release from PBMCs in both unheated (37°C) and heated (40 or 43°C for 1 h) conditions in vitro. Accordingly, they suggested that exosomal eHSP70 was increased in heat-shocked cells. It was reported that acute stress (i.e., stress due to restraining of the animal and electronic tail shocks) induced exosomal eHSP70 in rat plasma (Beninson et al. 2014) . However, it is still unclear whether exercise stress induced exosomal eHSP70 in both the circulation and saliva. Further molecular, biological, and biochemical research might provide useful information on the mechanisms underlying salivary eHSP70 secretion from the salivary glands, oral mucosa, and salivary exosomes.
To the best of our knowledge, there is only one study examining the effect of exercise on salivary eHSP70 (Fortes and Whitham 2011) . Fortes and Whitham (2011) reported a lack of change in salivary eHSP70 in response to multiple stresses, such as exercise stress, caffeine intake, and hyperthermia exposure, in athletes. In that study, healthy endurance-trained males performed intense exercise, consisting of 30 min of treadmill running at 50 % VO 2max (first bout) and 30 min at 70 % (second bout) in hot conditions (30°C). The intervention was considered sufficiently stressful based on the subjects' mean heart rate (181±7 bpm) and core temperature (39.0± 0.3°C) at the end of the second exercise interval. In the present study, healthy sedentary males performed exercise comprised of 59 min of cycling at 75 % VO 2max at 25°C. In the first 30 min of exercise, the exercise intensity was higher in the present study compared to that in the previous study. The subjects' mean heart rate throughout the exercise was 173±9 bpm (88.7±4.0 % HR max ). In addition, the exercise workload may be sufficient to impose stress on the subjects because the NLR increased and the SIgA decreased after the exercise. The NLR is recognized as an index to assess exercise stress (Gleeson and Bishop 2000) . Several previous studies have reported that the NLR increases after intense exercise (Nieman et al. 1995 (Nieman et al. , 1999 Makras et al. 2005; Davison and Diment 2010; Lancaster et al. 2003) . In the present study, the NLR increased after exercise compared with that at Pre, and the increase continued until 4 h after exercise. SIgA is well known as an index of defensive function against pathogens in the oral cavity. SIgA levels decreased after high intensity exercise (more than 80 % VO 2max ) (McDowell et al. 1992) . Therefore, it is clear that the exercise stress of the present study was sufficient to evoke an immune response in the peripheral blood and to reduce the defense function of the oral cavity. These responses continued until the end of the present study.
It is generally believed that training status affects immune function (Walsh et al. 2011) . It is likely that training status might affect the salivary eHSP70 level. Reportedly, HSP70- positive leukocytes in the peripheral blood were lower in trained athletes compared with that in untrained people (Fehrenbach et al. 2000) . It is therefore possible that the resting salivary eHSP70 level might reflect training adaptation in active people (i.e., recreational and competitive athletes). Training adaptation includes exercise tolerance. It is possible that exercise-induced eHSP70 might increase inflammation, thereby inducing fatigue sensation (Heck et al. 2011) . Therefore, the change of salivary eHSP70 might describe the inflammatory status and relative fatigue sensation. In the present study, inflammation-related markers (e.g., WBC and neutrophil) temporarily increased after exercise, while each marker did not show the positive correlations with salivary eHSP70 at any time point. However, the effect of training status on the salivary eHSP70 level at rest and response to exercise has not been elucidated. Further investigation is required to determine the effect of training status and regular exercise on salivary eHSP70 levels. These studies might provide useful information for evaluating the training adaptation and physical condition of active people.
To the best of our knowledge, there are no other studies evaluating the correlation between eHSP70 and SIgA levels. In the present study, there was a positive correlation between resting eHSP70 levels and SIgA levels and no correlation after exercise. Salivary eHSP70 and SIgA levels may synchronously play an important role in defense against pathogenic infections. Based on the functions of salivary eHSP70, such as entrapping, agglutinating, and opsonizing bacteria, salivary eHSP70 levels may be an index of infection risk. Further studies are required to investigate the correlation between eHSP70 and the risk of infections, such as URTI. On the other hand, there was no correlation after exercise. Individual variability may affect the responses of salivary eHSP70 and SIgA levels to exercise. Because the increase of salivary eHSP70 levels after exercise remains poorly understood, molecular, biological, and biochemical research into the mechanism of salivary eHSP70 secretion is required. In addition, the time to peak salivary eHSP70 level is still unclear. In order to clarify the salivary eHSP70 peak level, it is necessary to study the changes of salivary eHSP70 levels during the recovery process. Those studies may provide useful information for assessing the physical condition of athletes by saliva. There is negative correlation at rest between salivary eHSP70 and neutrophil levels, while no correlation is found after exercise. It is suggested that exercise-induced circulating eHSP70 stimulates neutrophil phagocytic and fungicidal capacities (Giraldo et al. 2010) . Neutrophils also exist in saliva. Davison and Jones (2015) reported that salivary neutrophil numbers and functions (oxidative burst) were unchanged immediately after prolonged exercise. eHSP70 activates neutrophils via TLR-4 (Wheeler et al. 2009 ). Increased salivary eHSP70 might enhance innate immune function via salivary neutrophils after exercise.
This study has the following study limitations. First, the time of return to baseline value for salivary eHSP70 levels is still unclear. Previous studies showed that circulating eHSP70 increased temporarily (Fehrenbach et al. 2005; Whitham et al. 2006 ) and returned to baseline within 8 or 24 h, after intense exercise (Walsh et al. 2001; Suzuki et al. 2006) . Although the reaction times to respond to exercise stress in circulating eHSP70 and salivary eHSP70 were different, it was assumed that exercise-induced salivary eHSP70 levels might return to baseline within 24 h. Changes in eHSP70 levels should be observed for more than 4 h or until 1 or 2 days after exercise to completely determine the changes in levels at various times until return to baseline. Second, sedentary healthy males participated in the present study. Given the effect of the subject's exercise history and physical fitness, it is impossible to compare the results of our study with those of a previous study involving endurance-trained males (Fortes and Whitham 2011) . Further studies are required to investigate the effects of exercise stress on salivary eHSP70, with respect to the subject's exercise habits, intensity and duration of exercise intervention, ambient temperature during exercise, and times of sample collection. Those studies may also be very helpful in evaluating the physical condition of athletes under continuous stress.
In conclusion, our data show that salivary eHSP70 increased after the 59 min of cycling exercise at 75 %VO 2max in sedentary male subjects. Salivary eHSP70 increased at 4 h after intense exercise. Exercise stress can induce elevated salivary eHSP70 level and upregulate oral immune function partially.
